SUMMARY Percutaneous transluminal coronary angioplasty (PTCA) was complicated by acute coronary artery occlusion associated with ST elevation and severe chest pain in three patients. Within 10 minutes, the occluded artery was reopened by an intracoronary (i.c.) infusion of streptokinase, resulting in the disappearance of chest pain and normalization of ST segments. To keep the artery patent, i.c. streptokinase had to be continued until emergency bypass surgery was performed. In two patients, no myocardial infarction occurred, as shown by a normal postoperative left ventricular angiogram, ECG and thallium-201 scintigram. In the other patient, who was admitted with an inferior infarction and underwent PTCA after i.c. lysis, no infarct extension was observed. These results show that i.c. streptokinase rapidly opens an acute coronary artery occlusion complicating PTCA, preventing myocardial infarction. SINCE its introduction by Gruntzig et al.' in 1978, percutaneous transluminal angioplasty (PTCA) has been performed in more than 1200 patients. Acute coronary artery occlusion is a well known complication of PTCA, and requires emergency coronary artery bypass graft surgery (CABG).2 In many cases, however, the interval between the occlusion and CABG is too long to prevent myocardial infarction.3 To reestablish flow early after occlusion, we infused streptokinase into the occluded coronary artery in three cases, and then performed emergency CABG.
SINCE its introduction by Gruntzig et al.' in 1978 , percutaneous transluminal angioplasty (PTCA) has been performed in more than 1200 patients. Acute coronary artery occlusion is a well known complication of PTCA, and requires emergency coronary artery bypass graft surgery (CABG).2 In many cases, however, the interval between the occlusion and CABG is too long to prevent myocardial infarction.3 To reestablish flow early after occlusion, we infused streptokinase into the occluded coronary artery in three cases, and then performed emergency CABG.
Case Reports
Case 1
A 64-year-old female patient had severe angina pectoris due to an isolated, proximal LAD stenosis (fig. lA). Left ventricular wall motion was normal ( fig. 2 ). She had no electrocardiographic evidence of prior myocardial infarction. On the day before PTCA, she received acetylsalicylic acid, 1 g twice a day. During the procedure, she received 10,000 U of heparin i.v. and 10 mg of nifedipine sublingually. PTCA was attempted using a Gruntzig dilatation catheter (type DG 20-30). The stenosis was passed. Contrast The postoperative course was uncomplicated. Maximal serum CK was 140 U/I and CK-MB was 30 U/I (normal after CABG as much as 300 U/I for total serum CK and as much as 30 U/I for CK-MB). Four months postoperatively, the patient was asymptomatic. She had no electrocardiographic evidence of a previous myocardial infarction. The thallium scintigrams performed at rest and during exercise were normal. Repeat angiography revealed a proximal LAD occlusion identical to that before intracoronary lysis ( fig. IE) . The LAD bypass graft was patent, with good antegrade and retrograde filling of the LAD up to the point of the initial arteriosclerotic stenosis (fig. IF) A 39-year-old male patient complained of angina pectoris for 5 months, with angina at rest during the last 2 weeks. The coronary angiogram showed a proximal high-grade LAD stenosis ( fig. 3A ). Left ventricular wall motion was normal ( fig. 2 ). He had no electrocardiographic evidence of an old infarct. Before PTCA, the patient was premedicated in the same manner as case 1. PTCA was attempted with a DG 20-30 Gruntzig dilatation catheter. However, the stenosis could not be passed, so the balloon was not inflated. Before the dilatation catheter was withdrawn, ST elevation was noted. After several minutes, the patient complained of severe chest pain. Control injection showed a proximal LAD occlusion immediately after the bifurcation ( fig. 3B ). Intracoronary nitroglycerin had no effect. After 10 minutes of intracoronary streptokinase (2000 U/min) into the left main coronary artery, the LAD became patent ( fig. 3C ). The chest pain disappeared and the ST segments returned to normal. Intracoronary streptokinase was continued until CABG was performed. The operation and the postoperative course were uncomplicated. Total serum CK on the first postoperative day was 217 U/I and CK-MB was 15 U/l. On the second postoperative day, CK was 184 U/l and CK-MB was 12 U/l. Since CABG, the patient has remained free of angina. Nineteen days after CABG, the thallium-201 scintigram showed no perfusion defect. Repeat angiography revealed an occluded LAD immediately after the bifurcation. The LAD bypass graft was patent and filled the LAD completely. The postoperative ejection fraction was normal, but slightly lower than preoperatively ( fig. 2) . This difference may be because i.v. nitroglycerin was given during the preoperative left ventricular angiogram.
Case 3
A 56-year-old male patient was admitted because of an acute inferior myocardial infarction. After premedication with 10,000 U of heparin and 0.5 mg of i.v. atropine, streptokinase was infused into the occluded right coronary artery 4 hours after the onset of chest pain ( fig. 4A ). Thirty minutes later, the right coronary artery was patent, with a high-grade remaining stenosis at the site of the previous occlusion ( fig. 4B ). Since left ventricular wall motion showed no regional abnormality ( fig. 2) , we dilated the remaining stenosis ( fig.  4C ). The initial result of PTCA was good ( fig. 4D ). Thirty minutes after dilatation, however, severe chest pain recurred, with monophasic ST elevation in leads II, III and aVF. Sublingual nitroglycerin and nifedipine had no effect. Repeat angiography revealed reocclusion of the right coronary artery (fig. 4E ). Intracoronary streptokinase was started again and reopened the artery within 10 minutes ( fig. 4F) . Reopening was associated with normalization of the ST elevation and disappearance of chest pain. The patient was transferred to the operating room with the right coronary catheter left in place for continuous intracoronary streptokinase infusion. The right coronary artery and the circumflex marginal branch were grafted. The postoperative course was uncomplicated. The maximal serum CK was 565 U/I and CK-MB was 51 U/i. On the second postoperative day, serum CK was 241 U/I and CK-MB was 12 U/l. Postoperatively, the ECG showed new Q waves in leads II, III, and aVF and nonspecific ST-T abnormalities. A thallium-201 scintigram 1 month later showed a markedly smaller perfusion defect compared with that immediately before the first intracoronary thrombolysis. The bypass graft and the native right coronary artery were patent, with a 30% stenosis of the right coronary artery in its midportion very similar to that immediately after PTCA. Left ventricular wall motion was normal ( fig. 2) . Discussion PTCA may be complicated by coronary artery occlusion in 5% of the procedures and requires emergency CABG.2 Thirty-eight percent of these patients develop a transmural myocardial infarction because the interval between the occlusion and emergency CABG is too long.3 We observed three patients with an acute coronary occlusion during PTCA. In one patient, the catheter was still in front of the stenosis and was not inflated when the occlusion occurred. In the second case, the stenosis was passed and the balloon was inflated, although the tip of the balloon catheter was lying subintimally, although this was recognized only retrospectively. The third case differs from the other two in that PTCA was performed immediately after intracoronary lysis of an acute right coronary artery thrombosis in a patient with an acute inferior myocardial infarction 4 hours after the onset of chest pain. This patient had a high-grade remaining stenosis at the site of the previous occlusion that was dilated. Thirty minutes later, reocclusion of the right coronary artery occurred. In all three cases, coronary spasm was ruled out by systemic and intracoronary injection of nitroglycerin and nifedipine. A streptokinase infusion into the ostium of the right or left coronary artery was sufficient to open the occluded vessel within a few minutes. In two of the three patients, discontinuing intracoronary streptokinase after initial reopening resulted in acute reocclusion. Intracoronary streptokinase was therefore continued in all cases until emergency CABG was performed.
Mechanism of Coronary Occlusion
The positive streptokinase effect suggests that the occlusion was caused by acute coronary artery thrombosis, although cases 1 and 2 were premedicated with Acute reopening after streptokinase was associated with immediate disappearance of symptoms and ST elevation. Because reocclusion occurred when streptokinase was discontinued, emergency bypass CABG was performed within 90 minutes in all three patients. Surgery was always uncomplicated, and no bleeding complications were observed intra-or postoperatively.
On follow-up examination, the ECG and the thallium-201 scintigram show no evidence of a myocardial infarction in cases 1 and 2, who both had normal left ventricular wall motion. The slight elevation of the serum CK observed postoperatively is commonly seen after CABG. Case 3 had an acute myocardial infarction at admission confirmed by clinical symptoms, ECG changes, initial -thallium-201 scintigraphy and postoperative elevation of total serum CK and CK-MB levels. The normal left ventricular angiogram immediately after intracoronary thrombolysis suggests that the infarct was mainly located in the right ventricle. The ECG showed new Q waves in IL, III, and aVF and an equivocal thallium-201 defect in the inferior wall.
When the right coronary artery reoccluded after PTCA, monophasic ST elevation associated with severe chest pain recurred, indicating transmural myocardial ischemia. After reopening of the artery, chest pain disappeared and the ST segments returned to normal. The chronic thallium-20 1 defect was not different from the defect immediately after thrombolysis, but was significantly smaller than the initial defect before lysis. In case of infarct extension, we would have expected the defect to be as large as it was initially. In his case, infarct extension was probably prevented.
In case of acute coronary artery occlusion during PTCA, we recommend early recanalization with intracoronary streptokinase until emergency CABG is performed. Myocardial infarction may thus be prevented.
